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1. Introduction

The U.S. Federa civil agencies' recognize the pressing need for anationa strategy to
promote more efficient collaboration in acquiring, using and distributing civil imagery?
and in sharing remote sensing capabilities. The civil agencies each use imagery and data
regularly to derive information, prepare products for critical nationa decisions and
services, and work closely with state and local governments. In order to promote cost-
effective use of sadlite-based and airborne imagery and data, the civil agencies require
the authority, adminigtration, and budget to continuoudly coordinate the acquisition and
digribution for their individua and collective imegery needs. Asakey step toward a
nationd civil imagery drategy, this report presents an overview of the vaue and enabling
role of remote senaing data and imagery to serve the broad range of civil agency
mandates.

Imagery and remote senang Systems provide spatia information promptly, efficiently,
and in useful formats. 1N many cases, critica information would not be accessible from
other means. In addition, remote sensing can provide mapping and monitoring of
locations around the Earth that are difficult, expensive or dangerous to access. For
example, imagery assgts in determining the direction and movement of wildfires, the
yield of foreign whest crops, the extent of floodplains or floodwaters, and the status of
transportation systems. Imagery is regularly used to update base layers of map
information that enable rapid response to disaster events and expedite change detection
for awide range of natura resource management applications. Individua agencies often
require imagery and data of different characterigtics for their unique missons.

Section 2 of this report describes key roles of imagery and remotely sensed data for
missonsthat are vita to Federal agencies. Section 3 describes an organizing model to
collect and apply geographic data to support decison-making. Sections4 and 5 identify
some higtorical factors and future congderations that a nationa imagery strategy would
need to address. Sections 6, 7, and 8 describe key reports, near-term trends, and
recommendations.

! The Federal Geographic Data Committee represents 17 Federal agency members (www.fgdc.gov).
2 Civil imagery refersto both commercial and public sector sources.
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2. Vaue Proposition

Decison makers have many types of information available to them. In 1998, the
Nationd Academy of Public Administration reported that $3.56 trillion of U.S. economic
activity isdirectly related to geographic information. The geographic nature of remote
sengng data and imagery lend themsalves to human's natural, cognitive abilities to detect
and interpret pattern, colors, and shapes. Imagery is an inherently rich source of
geographic detail that becomes even more va uable when referenced to a geographic
coordinate system. Geographic data and information isa critica part of many
government functions.

To better understand the uses of imagery within Federd agencies, the Federd Geographic
Daa Committee (FGDC) conducted a survey to determine the business gpplications and
supporting requirements for remotely sensed data. The survey identified 82 specific
gpplications ranging from agri culture assessments and transportation safety to water
quality monitoring, and profiled the requirements for the FGDC-defined seven

framework data layers (Geodetic Control, Elevation, Ortho Imagery, Hydrography,
Transportation, Cadastra, and Government Units). Appendix A summarizes the survey
in terms of framework data layer needs, categories of business applications, and the
characteristics of required imagery. The following are examples of some of the major
nationd programs that rely on imagery:

Agency Program Coverage
USGS National Map Program United States
USDA Globa Crop Assessment Program Globa
Forest Fire Monitoring Globd
Census Bureau TIGER Program United States
ACOE L evee Maintenance Program United States Waterways
NOAA National Shoreline Mapping Program United States Shoreline
Cora Reef Mapping Program United States Idands
Weather Forecasting Globa
FEMA Flood Map Modernization Program United States
HAZUS Risk Assessment Model United States
DOT Transportation Corridor Planning, United States
Infrastructure Inventory and
Management
FAA Safe Hight 21 Program & United States
Aeronautica Charting Program
NASA Aviation Safety Program Globa
Solid Earth and Naturdl Hazards Globa
Globd Climate Change Globd
FGDC National Spatial Data Infrasiructure United States
USGCRP Globa Change Research Globd
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To illugtrate the vaue of imagery and remote sensing to the nation, this report presents
imagery applications within the context of seven categories that represent key societa
issues

. Transportation - Energy
- Agriculture management - Natura resources management
- Environment - Science and research

- Emergency management and homeland defense

2.1 Transportation

Increasing trends in population growth and frequency of travel are stressing the capacity
of the current trangportation infrastructure. The Department of Transportation (DOT) has
recognized the importance of investing in the gpplication of advanced technologies, such
as automeation, communication and Intelligent Trangportation Systems, to improve the
efficiency and increase the capacity of trangportation systems. Current.and accurate
geographic data can be provided by remote sensing systems and support applications that
contribute to multi-modal transportation system for moving people and freight.
Geographic data for Synthetic Vison Systems inaircraft and air traffic control facilities
aone, for example, are estimated to result in a$2B savings per year for just ten airports
in the United States based on a cost/benefit study conducted by the NASA Aviation
Safety Progrant. Application of imageries for snow hazard monitoring and winter
weather maintenance services, for example, is expected to save severd hundred lives and
severd million dollars of highway maintenance cost annudly for transportation agencies.

Representative uses of remote sensing for trangportation include the ability to:

Locate and chart low-dtitude hazards (e.g. power lines and obstructions), which
pose a serious threat to timely rescue, fire-fighting, military, and rotor wing
arcraft.

Compile and maintain aeronautica charts by identifying critical festures such as
navigation landmarks (e.g. roads, railroads, coastlines, water features, unique
buildings, city outlines, vegetation, golf courses and emergency landing strips).

Help track unusua meteorologicd flight hazards (e.g. smoke from forest fires)
that create thrests to navigation safety.

Develop high accuracy terrain databases that support Terrain Awareness Warning
Systems and Enhanced Ground Proximity Warning Systems used to reduce
Controlled Flight Into Terrain aviation accidents.

% Hemm, Robert V. “Benefit Estimates of Synthetic Vision Technology,” July 2000, NASA LaRC.
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Develop high accuracy airport map databases which will soon be used by Air
Traffic Controllers and Hight Crews to reduce runway incursons and related
accidents aswell asincreasing airline traffic flow and relieving airport
congestion.

Develop codt effective environmental and trangportation services and achieve cost
effective corridor planning to relieve congestion around urban aress.

Provide new approaches for smarter and chegper ways of managing transportation
infrastructure assets, operation and inspection.

Deploy new tools for regiond traffic flow management including heavy vehides
flow and extend I TS* technology reach to regiona scele.

L ocate trangportation hazards and improve emergency response to accidents and
disaster recovery operations.

Support the global network of detecting and tracking airborne products of
explosve volcanic eruptions. Even very minor concentrations of volcanic ash can
cause criticd jet engine damage.

Update information that the military will require for Combat Air Petrols within
the United States as a result of homeland security.

2.2 Energy

Remote senging contributes many unigue capabilities to the energy industry.
Information acquired from aerid photographs and multispectral images offers cost
effective meansfor investigating new energy sources and for minera exploration.
Other gpplications of remotely sensing of land, oceans, and atmosphere contribute
bendfits to the energy industry which include:

I mpro;sed thunderstorm forecasts save utility companies $200K /yr in reduced
outages’.

Improved qudlitative precipitation forecasts are needed to optimize the water
resource for hydroel ectric power generation, potentialy saving $320,000/yr
nationwide.

Increasing the accuracy of 30 hour weather forecasts would enable $1B per year
in consumer savings as aresult of increasing the accuracy of municipd

* Intelli gent Transportation Systems

®“National Need, Vision & Interagency Plan for FY 2000— 2006,” The U.S. Weather Research Program:
http://mrd3.nssl.ucar.edu/USWRP/USWRP_Vision.html.
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procurements of energy to supply heating and cooling for cities across the
country.

Detection of geothermal activity as possible new energy sources. Geotherma
energy is obtained from subsurface reservoirs of steam and hot water. Most of
this steam and hot water generates electricity.

Detection of ail film. The Nationd Research Council (NRC) estimates that the
amount of il that enters the world's oceans annualy totals 3.24 metric tons. Qil
film can be detected using ultra-violet, blue and infrared bands from multispectra

imagery.

Use of Landsat images to detect reserves of cod, oil shde and tar sandsin the
United States.

Use of thermal sensors to detect heat emissions from buildings and transformers.
2.3 Agriculture Management

Higtoricdly, the U.S. Department of Agriculture (USDA) has made use of remotely
sensed data since the Great Depression. Today; USDA and others are using remotely
sensed data to direct multi-billion dollar farm programs per year and to forecast globa
commaodity production related tobillions of dollarsin trade and food ad. Farm
managers are now beginning to exploit near redl-time remotely sensed data to manage
inputs and adjust crop typesin an increasingly competitive agriculture environmernt.
Specific agriculture management applications usng remotely sensed datainclude, but are
not limited to:

Continuous monitoring of domestic and internationa commodity conditions and
the estimation of commodity production. Thousands of Landsat scenes, tens of
thousands of AVHRR LAC [footnote tech. acronym] images, and hundreds of
domestic and globa image composites from low resolution sensors are used each
year to monitor crop conditions and create production estimates. The Office of
Management and Budget (OMB) use domestic and international production
edimatesin caculating three of their Principle Federd Economic Indicators.
These andyses directly impact food security, domestic and international planting
decisions, trade conditions and commodity prices.

Quantify theimpact of naturd disasters on domestic and internationa agriculturd
production. This analysis directly affects domestic and international assistance.

Helping farmers to determine where and when to apply fertilizer, herbicides and
pesticides, and to identify portions of their fidd in need of irrigation. and the early
prediction of yidd and harvest qudity. Thisandyss can enable farmersto
optimize factors associated with production thus minimizing impacts to
environment and maximizing profits.
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Effectively and fairly manage billions of dollarsin agriculture programs by
providing objective, unbiased observations of crop condition, type, and area.
Remotely sensed data are used for compliance activities. Such andlysis helps
limit fraud, wagte, and abuse of farm program funds.

Predict areas of high risk for livestock disease and other food contamination
around the globe.

2.4 Natura Resources Management

This category of land resource management includes a sgnificant range of gpplications
using civil commercid remote senaing.  In rangeland management aone, the U.S. Forest
Service (USFS) edtimates that remote sensing data will save between $6 M and $25 M
over atenyear period. Smilar savings and improved performance in other programs
remain consstent from fighting forest fires, to managing public lands and parks, to loca
community planning. Specific implementations of gpplications usng remotdy sensed
datainclude, but are not limited to:

Space-borne sources of imagery are used to produce greenness indices
nationwide. Theseindicesreved drought conditions, plant health and fire
hazards.

Improved temperature and precipitation forecasts lead to greater efficiency in
chemicd spraying; potentiadly saving $10-15/acrefapplication over hundreds of
thousands of acres.

Remote senging is used to estimate the snow-water equivalence of the winter
snow pack. Thisinformation aids flood prediction, aswell asthe prediction of
how much water will be available during the year in many parts of the country.

The use of digitd imagery resulted in cost savings of $250,000 by more precisaly
locating emergency trestments within burned forest arees.

The use of multiple types of remotely sensed data can provide an dternative to
traditiona on+the-ground development of range alotment management plans.
Savings to the USFS done are estimated in the range of $6 M to $25 M over the
next ten years.

Imagery from Landsat 7 is being used in a detection and trestment Strategy for
gypsy moth infestationsin Ohio forests. While Ohio in't the largest timber State,
its forests support a $7B/yr industry that brings nearly $1B/yr to some of the
dtate’' s most economicaly depressed counties.

Satdliteimagery is used to dert coastd zone managers to harmful dgal blooms
(red tides) and to determine the direction and extent of such blooms. Algd
blooms often pose threats to the shellfish industry and swimmers.
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Accurate devation information, such as LIDAR, is being used to better manage
property development aong coadtlines. Thisinformation isbeing used to
determine setback lines and to help modd the potentia hazards associated with
building homesin dose proximity to the ocean.

Aerid photography and other digitd imaging systems are used to monitor
changes in the ever-changing shoreline and to keep shoreline maps up to date.
Thisis necessary for navigation, recrestion, and multi- purpose resource
managemen.

Sea surface temperature derived from satellite imagery is used to determine where
fishermen must use turtle excluson devices to reduce the by-catch of seaturtles.

Airborne and satellite-based synthetic aperture radar systems are used to track oil-
soills. Thisinformation, coupled with models of ocean current systems, forecasts
hazardous spill tracks.

2.5 Environment

Remote sensing supports environmenta management at locd, regiond, and globa
scdes. Remote sensaing documents environmenta conditions, impacts and change
detection. Imagery information provides better understanding of global
environmenta conditions, pollutant movement, land and coastal processes, and
physicad oceanography. Imagery appliesto environmenta planning, modding,
monitoring, management, regulation, enforcement, research, and education.

On abroad scae, imagery provides information such as land use, land cover biomass,
vegetation class, habitat change and hedlth, seasond vegetative changes (fire, harves,
development and disease), globa processes, pollutant dynamics, and human
interaction. The information contributes to protecting the Earth’ s biodiversity and
unique landscapes, identifying critical areas for conservation, and forecasting

potentid areasfor famine. At very fine scales, imagery provides detailed information
on wetland boundaries, shoreline development, urban expansion, and impaired areas
like Superfund gites.

2.6 Emergency Management and Homeland Defense

Remote sensing products are used to provide generd information about the impacts or
potential impacts of disasters. Products derived from remote sensing provide
intelligence used in decison-making. Emergency management activities are
categorized as planning, mitigation, readiness, response, and recovery. Digita

remote sensing data are used to produce € evation modd s as the base of natura
standard flood maps.
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Elevation data from photography, LIDAR and IFSAR sources are inputs to flood
modesin determining potentid flood purposes. Modds combine hazard data with
demographics and the as-built environment to determine vulnerability, risk, and
potentia loss. After flooding occurs, remote senaing is used to determine and derive
actual flood boundaries. These boundaries can an aid to response and recovery
activities and help direct and prioritize activities associated with assstance programs.

Remote senging is used to inventory critica infrastructure, such as power networks,
for homeland security purposes. Remote sensing information and intelligence were
critically important in the response and recovery efforts following the events of
September 11, 2001.

Accurate devation information (e.g. LIDAR) is necessary for effective coastal
risk assessment and forecasting including redl-time inundation mapping, flood
forecast mapping, storm-surge modeling, and urban development.

Large-areq, satdlite imagery has proven ussful in determining the limits of sorm
inundation for estimating damaged property and for determining where flood
maps should be updated.

Insurance companies use satellite and airborne imagery. to estimate costs
asociated with naturd disasters.

Improved forecasts of tropica weether can reduce delays in offshore ail drilling
operations. Improved hurricane track predictions could reduce days of production
shutdown. Each shutdown day costs oil and gas companies $15 M.

Improving tornade warnings through remote sensing has significant effectson
both the public and industry. A single tornado warning lasting 40 minutes over
15 miles of track can stop seven trains at a cost of $2000/trainhour. Westher
related train derallments cost the industry $1-5M per year.

The Federd Emergency Management Agency (FEMA) Map Modernization Plan
isamgor initiative to update flood risk data for the nation and take advantage of
new technology. The implementation cost is expected to be over $1B. Over $100
M isrequired for remotely sensed elevation data to support flood hazard andlysis.
Implementation of the plan is expected to save over $15B dollars long-term. One
of the keysto this plan being codt effective isthe increased efficiencies available
through advances in remote sensing technology and improved government
coordination on this data collection. In addition, FEMA's plan relies on accurate,
geo-referenced ortho-imagery from other government sources to provide the base
maps needed for its new products.

Imagery provides avisud intelligence component combined with other
geographic data to display the potentia results of nuclear, biologicd, and
chemical wegpons modds. Scenarios have been created using Consequences
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Assessments Tool Set (CATS) software package developed for the Defense
Threat Reduction Agency and FEMA. For a given hazardous agent, location and
environmenta factors combined in digperson models anticipate population
impacts and mortdity.

2.7 Science and Research

In addition to the operationa uses described above, civil agencies conduct and
sponsor sgnificant amounts of basic and applied research on globa climate change
and other important aspects of Earth science. Within the civil community, the U.S.
spends more that $2B annualy on remote sensing data and data systems. Some
researchers utilize remote sensing and imagery from globd, regiond, and locd scdes
to collect data, monitor conditions, investigate phenomena, and vaidate
measurements. Examples of the use of imagery and remote sensing for scientific
research include:

Resource planning and disaster mitigation rely heavily on weather and climate
forecasts. Using remote sensing data, researchers identified warming patternsin
the waters off of South America and successfully predicted the 1997-1998 El
Nino and the subsequent La Nina.

Globa change research is very dependent upon measurements of atmospheric,
oceanic, and terrestrid conditions around the globe. Remote sensing is
ingrumentd in collecting the data to identify and monitor chenges.

Ecologica assessments and |andscape ecology utilize imagery and remote sensing
dataat locd, regiond, and nationd levels,

Monitoring the stratospheric ozone concentrations. The ozoneis directly related
to the amount of ultra- violet radiation that reaches the Earth’s surface.

Monitoring for globd warming issues. This ranges from satellites thet view the
Earth energy balance to measurements of the ocean temperature to estimates of
the carbon fixation by both terrestrial and aguetic plants.

2.8 Rapid Accessto Imagery

The vaue of remote sensing data and imagery to support a decision certainly depends
upon the availability of that dataiin the timeframe in which the decison will be made.
Data arriving after the decison is made isirrdevart.

In many cases, the data needed to address a given problem comes from several sources.
Some datamay exist in base layers of data, and the agencies rely on those base layer data
being maintained and updated on aregular basis. Other data may be unique and dynamic
to aparticular time or event. For example, Synthetic Vison Systems in aircraft combines
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terrain data with dynamic weether data to support cockpit decisons. AppendicesA & B
provide characteristics and categories of civil business uses for remote sensing data.

An organized plan to acquire the most appropriate, available data to serve the
requirements and timedlinessiis critical to serving the defined needs. In addition,
mechanisms to distribute and transfer data between organizations can be criticd to
meeting specific deadlines and decison timeframes.

In most cases, established and automated computer-based mechanisms can transfer,
combine, and begin anayzing datasets faster than a system with direct- human
involvement. Reducing dow or unnecessary hand-offs of data can help the application of
remote sensing data and imagery to address the problem and decisons.

Therefore, anationa imagery and remote sensing drategy is extremely vauable for the
civil agenciesto organize, prepare, and develop networks (physica and organizationd)
S0 they can acquire, transfer and process the datain atimely manner.

3.0 Decison Andysis Cycle: Geographic Data & Information

In the examples above, imagery and remote sensing datawere shown to support nationa
needs and decison making by Federd civil agencies, officids, and the public. However,
the decison phaseisjust one gep in an information path. The diagram below illustrates
the flow of datainto information products for subsequent delivery for decision-making.
In turn, decision makers and practitioners levy new information requirements driving new
data and technol ogy: development and corresponding distribution and data handling
olutions. Timely delivery of relevant information requires that all components of the
model be adequately funded, supported, and interoperable. Aswith other data types,
disparate remote sensing needs and systems across civil agencies pose serious chalenges
to data integration and interoperability that is needed to full advantage of remote sensing
technology invesments.

Thismodd, or asmilar mode, provides civil agencies with acommon gpproach for
addressing the information lifecycle. A coordinated strategy can help the agencies
determine where economies of scae in data collection and management are possible and
determine effective ways to coordinate interoperability while alowing each agency to
serveits particular misson. For example, agencies may need smilar data products that
could be distributed on smilar systems; but where the use of the data and frequency of
the need may be extremdy different.

Each component in this information cycle, aswdl as the srategy for connecting them,
need to be addressed in anationd civil imagery strategy in order to support and improve
decison-meking.
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4.0 Congderations for a Nationa Civil Imagery Strategy

The following issues and considerations are representative of the topics to addressin a
nationd civil imagery srategy. The long-term objective’is to develop anaiond civil
imagery strategy that worksin tandem with the U.S Department of Defense (DoD)
national commercid imagery srategy.

4.1 Civilian and Military Funding and Trade-offs Differ

A drategy to advance more efficient Federd imagery use across the civilian and military
civilian sectors has to account for the inherent differences in organization, budget
Sructure, missons, and customers within the two communities.

Imagery support functions in the defense/intdlligence community are more centraized
and the gpplications are often more globa than in most civil agencies (exceptions to this
rule include globa climate monitoring and globa agricultural assessments). DoD
imagery and mapping consolidation was consolidated with the creation of the Nationa
Imagery and Mapping Agency (NIMA) in October 1996.

By contragt, civilian programs that utilize imagery and related data products can be found
in various organizations including the U.S. Geologicd Survey (USGS), U.S. Department
of Agriculture (USDA), Nationd Oceanic and Atmospheric Adminigration (NOAA),
NASA, the Census Bureau, and within components of many other agencies. Civil
agencies are required to broadly share and disseminate information to the public as
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directed by Executive Order 12906 and OMB Circular A-130. Agencies partner with and
serve other Federd agencies, state and loca governments and the public.

Commercid imagery providers often sal their data under license agreements to recoup
capitaization cogts and ensure profitability. These license agreements prohibit, restrict,
or at least complicate efforts to provide public access. Traditiondly, contracts with
conventiona aeriad survey companies provide full data rights (government owned data)
that can be reused and disseminated to maximize the benefits to the users and taxpayers.
NIMA'’s nationd security misson encourages sharing among Title-50 agencies, but
places considerable redtrictions on dissemination to other Federd agencies and the public.
The USDA Foreign Agricultura Service has a satellite image library through which
USDA agencies can gain access to current and archived Landsat, SPOT and AVHRR
imagery. Thisalowsthe USDA agencies that do not have an imagery budget to exploit
to sgnificant imagery resources.  Licensed imagery is purchased with an USDA wide
license to dlow for sharing.

4.2 FGDC and NIMA Framework Layers

The FGDC framework contains seven standardized widely available datalayers: geodetic
control, orthoimagery, eevation, transportation, hydrography, governmenta units, and
cadadtrd information. When the orthoimagery layer is current, it provides a map-like
image of the Earth’s surface. This serves as an excellent source for collecting and
updating information contained invarious other layers, asagraphic backdrop for many
visud reference purposes, and as an dternative to expengve line maps. The widespread
availability of framework deta |ayers supports many nationa and regiond applications
ranging from nationd defense to infrastructure and resource management, emergency
response, mapping, energy, and transportation. The USGS National Map initigtive will
accelerate the updating of severd framework layers and rlated map informationin a
seamless fashion (see section 5.1).

NIMA aso produces standardized data layers to support the specific needs of the war
fighter. The FGDC Framework datalayers and the NIMA Foundation datalayers are
gmilar in concept; however, each is produced with different standards, scales, and levels
of detail appropriate to the uses of the respective communities. Viewing the data layers
in the aggregate, there is discusson on the potentid synergy between FGDC and NIMA
layers.

Both NIMA and FGDC utilize imagery, including commercid imagery, in developing
parts of their respective datalayers. Currently, the civil agencies rey heavily on aerid
photography to develop the FGDC data layers of the US. NIMA uses satdllite imagery
primarily to creste and maintain the Foundation data layers, and NIMA may use
increasing amounts of commercid satellite imagery to support its production processes.
Cogt and licengng are two consderable issues facing the civil community in the use of
commercid imagery for the production of FGDC Framework data layers.
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5.0 Civil Agencies Lack Explicit Funding to Exploit Exigting/Planned Commercid
Remote Senaing Capabilities and Exigting Civil Satellites

For most civil agencies, remote senaing is only one of many tools needed to fulfill their
misson respongbilities. There arerarely funds that have been explicitly appropriated in
order to purchase commercial imagery and remote sensing services. More importantly,
even where wdl-defined, funded requirements exist that could be met by commercia
sources, there are rardy sufficient funding levelsto alow the civil agenciesto exploit
commercia capabilities. This problem iswidespread and may represent the most
sgnificant obstacle to implementing a viable relationship with commercia remote
sensng companies. Unfortunately, even the funds to purchase satdllite imagery from
NASA, USGS, and NOAA satellites at the cost of reproduction are not available for
many agencies. Civil agencies make due with less than optima coverage even from civil
satellites due to inadequate funding and the lack of an operationd foca point for land
remote senaing.

Currently, NASA operates satellites and sensors that can meet some civil agency needs
for remotely sensed data (e.g. Terrafor wildfire detection, tropospheric ozone
concentrations, and dust plume monitoring; QUIkSCAT forwind profiles and hurricane
prediction). However, since these systems were designed to support research, not
operations, civil agencies are often obliged to make due using imagery freely available
via FTP for purposes that the satellites where not designed for so that they can fill
information gaps. This problem is exacerbated when NASA no longer requires a sensor
for research purposes, but the civil agencies require the sensor for operational purposes.
No lead agency or department has the recognized authority, responsibility, or budget to
transition land remote sensing systemsto operationa programs.

Furthermore, the private sector may have not have a business case to launch a
commercia satellite to fill the gap since the civil agencies do not have a budget to
purchase the data. This scenario resultsin adeficit of opportunity for the knowledge that
has been painstakingly developed and demonstrated by NASA research to yield long-
term operational benefits. Thisis not the case for NASA research related to oceans and
the atmosphere. Asthe lead operational agency for those remote sensing activities,
NOAA funds and operates satellites that monitor oceans and the atmosphere.

Following are examples of programs that could use sgnificant anounts of commercid
data sources, but cannot fully exploit commercid sources to meet these requirements due
to funding limitations and the lack of an operationa focus for land remote sensing.

5.1 The National Map
The National Map® isasynthesis of base geographic data programs and derivative

products including topographic maps of the nation. Working through partnerships with
gate and local governments and the private sector, the USGS is committed to ensuring

® National Map documents are available at http://nationalmap.usgs.gov/
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the availability of consstent, accurate, and current information to meet a wide range of
vital nationa needs. These needs range from land and resource management and
scientific studies to homeland security and infrastructure planning and manegement. The
information content of The National Map includes orthorectified imagery, elevation data,
selected feature and limited attribute data for transportation, hydrography, boundaries and
structures, land cover delineations, and geographic names. The ultimate currentness
objective for The National Map isto provide datathet is sufficiently up-to-date to meet
needs such as response to natura hazards and disasters and delivery of time-sengtive
government services. Geographic information underpins an increasingly sgnificant share
of the nation’s economic activity.

The orthorectified imagery content of The National Map will be collected and maintained
using the most efficient and effective combination of arcraft and satdlite-based remote
sengng cgpabilities. Thisimagery isavita component of The National Map for itisan
integrated composite of geographic information that serves as an update source for much
of the content defined for the other layers of The National Map. Thisimagery aso serves
as an archive medium for content and content rel ationships that will not be otherwise
represented in other map layers, but which can be interpreted directly from the image
context. The USGS and its partners believe that it will be possible to make substantia
improvementsin the availability of current orthorectifiedimagery by sharing the

available high resolution photography thet is collected for state and local government
agencies, directing contracting for additiona aerid imagery, and purchasng satellite
imagery.

All of the core datacontent of The National Map must be in the public domain to ensure
unrestricted access and use opportunities for al sectors, including the generd public. As
aresult, imagery acquisitions for the core layer of The National Map will require
contractud or licenang agreements that provide for unlimited digtribution and reuse.

Achieving current imagery for the entire land area of the United States will require
cregtive partnership agreements and business processes. Repesat procurement of imagery,
when required through contracting or direct purchase, will require sgnificant funding.
Thisneed is clearly illugtrated by the USGS NIMA partnership for orthorectified image
and feature information data for the 120 most populous U.S. cities (90 metropolitan
areas). The 120 Cities Initiative stems from and directly supports homeland security
requirements. During FY 02, the USGS will commit at least $4.2M to acquire imagery

for 45 of the 90 metropolitan areas. The homeland security requirement is ongoing;

NIMA standards relate to imagery that is not more than two years old.

Mesting this requirement in the future will require repeat acquisitions and therefore will
require congderable additiona funding for this portion of the orthorectified imagery
component of The National Map (the 90 metropolitan areas cover less than three percent
of thetotd U.S. land ares).

By working through partnerships for data acquisition and sharing, including integration
of theexising Nationa Digital Orthophoto Program, the USGS will leverage community
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resources to creatively fund The National Map. However, the combined exigting funding
from Federd, state, and locd agencies, and the commercidly viable extent of private
sector activities, isinsufficient to provide the nation with the imagery infrastructure it so
urgently needs to accomplish its domestic agenda.

5.2 Ddinegtion of the Nationa Shordine.

Accurately delinegting the nationd shorelineisamgor chalenge facing the U.S. asiit
Seeks to improve the economic efficiency and competitiveness of U. S. maritime
commerce, while reducing risksto life, property, and the coastal environment. Today,
ninety-eight percent by weight of the nation's internationa trade moves through U.S.
ports and harbors; fifty percent of these goods are hazardous materids. Thirty percent of
Americas economic gains over the past Six years have resulted from increased exports,
and by the year 2020 internationd trade is expected to increase by 200 percent.
However, increased maritime commerce results in increased risks to the coastal
environment making marine navigation safety a serious nationa concern.

One of the most important tools used by mariners for safe navigation.isan accurate
nautica chart. The precise placement of the shordline and port facilities provides a
critical piece of information included on these charts. Thisinformation is dmaost
exclusvely derived from remote sources.

In addition to supporting navigation safety, an accurete nationd shordine is aso key to
the economic sugtainability and growth of the nation's manufacturing, exportation,
coasta development, and insurance industries. A complete up-to-date, consistent, and
accurate shordine will:

Provide an officid U.S./shordine for amultitude of users.

Improve dectronic charts for navigation. Shoreline depiction isakey dement of
electronic charts, which if properly used, can significantly increase the safety and
efficiency of vessd navigation. Safe navigation also helps protect the
environmen.

Provide specidized, large-scae shoreline delinestion in harbors for the production
of docking charts. Docking charts, when used in conjunction with state- of-the-art
electronic navigation systems, dlow vesselsto dock more safely in low vighility
conditions.

Increase the rate and accuracy of nautical chart revision surveys to keep pace with
an accelerated nautical chart publication cycle, and result in more accurate charts
for mariners.

Provide a smooth, consistent transition between the ocean and land interface for
more accurate modding of storm surge, coasta flooding, and pollution trgjectory
modding.
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Increase the utility of land and marine geographic information systems to support
improved management decison-meking.

Provide for more accurate environmenta anadysis and monitoring (e.g.,
monitoring marshlands, wetlands, pollution, and sealeve rise; sudying cord or
aquatic vegetation growth/reduction rates).

To date, NOAA has never mapped one-third of the U.S. shoreline. Of the portion that has
been mapped, one-quarter was mapped prior to 1970. Lessthan 10 percent of the
shordine has been produced digitaly. At the present rate of progress, it will take 50

years to accurately compile the entire U.S. shordine. A re-survey cycle of between five
and ten yearsis necessary to ensure that dynamic changes in the shoreline morphology

are accurately captured. Thislack of ability to keep pace with mission requirementsis

not the result of alack of capability in the commercia sector to meet NOAA’s needs.
NOAA'’sinability to employ commercid remote sensing sources to mest its needsis
amogt entirely resource congtrained.

5.3 Nationd Aerid Photography & Nationd Digita Orthophoto Programs

Civilian programs that provide nationd coverage of standardized imagery have been
greatly diminished in recent years. This coverageis essentid to support nationa
mapping, environmental, and resource management programs.

The Nationd Aerid Photography Program (NAPP) began in 1988 with an initid god of
acquiring 1:40,000 aeria photography of the conterminous states every five to seven
years. The program iminated duplicate aeria photogrephy acquisition efforts.  Scans
of NAPP film serve as the primary source for creating rectified images cdled Digitd
Orthophoto Quadrangles (DOQs) for the Nationa Digital Orthophoto Program (NDOP).
DOQs now cover almost the entire conterminous U.S. and serve amyriad of resource,

planning and land management activities.

Both the NAPP and the NDOP are examples of the “best practices’ for national
coordination of acquisition, management and dissemination of consistent remotely sensed
products creating nationd standards. Cost-shares partnersinclude severd civil agencies
aswdl| as gate and loca governments. Unfortunately, the NDOP program isfailing
because of insufficient Federal funding for NAPP imagery et to be refreshed a a 7-year
cycle.

The reault isthat Federd, state, and local NAPP cooperators are forced to acquire their
own imagery at ahigher cogt rather than waiting for the availability of cooperative
funding. When agencies obtain their own imagery, thereislittle incentive to adhereto a
nationa imagery pecification for scale, format or tiling strategy, as provided by the
NAPP.

A related problem is that NA PP specifications have not kept pace with the higher
resol ution needs of some state and loca governments. Multiple independent imagery
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projects result in localized non-standard data sets that are difficult to locate and use,
further perpetuating duplication and higher cost and hindering key programs, such as
NDOP or hydrologic and transportation gpplications.

5.4 FEMA'’s Flood Mapping Program

In recent years, funding for the Flood Mapping Program has not met the demand for new
maps. In the period from 1982 (when the initid effort of detalled mapping was
completed) through 1999, FEMA produced approximately 2,100 panels each year
through the FEMA-Funded Hood Data Update Program. During that same period, a
backlog of 20,500 map pandls with outdated flood data built up. Detailed eevation data,
which can be obtained using remote sensing, often make up thirty percent of the cost for
andyzing flood risks. Frequently the high cogt of obtaining this data is the reason that
this backlog continues to grow.

Fortunately, in the current budget proposd for FY03, amgor increase in funding is
proposed for Food Map Modernization. |F thisleve of funding is sustained over severd
years, it will enable FEMA to obtain the remote sensing data needed to update and
modernize the flood maps. However, the Map Modernization plan expectsto rely on up-
to-date digital orthophotos for accurate base maps. If the NDOP'is not able to provide
thisimagery, the Map Modernization plan will face increased costs to obtain suitable
base maps.

5.6 Farm Service Agency’s Farm Records and Compliance Programs

Since the 1930s, USDA has used aerial photography to record farm ownership and
administer farm programs. These scaled hardcopy photographic enlargements,
maintained with pen and pencils, provide the basis for billions of dollars of farm program
payments. At current funding levels, the process of transforming these records into
digital layersthat can be shared and maintained in a GIS will take many yearsto
complete. Asthe farm records become digital, the Farm Service Agency’s (FSA) yearly
35mm aerial photography required for compliance must be converted to Gl S-ready
digital images. When looking at acquisition costs per square mile, the current 35mm
program cost between $3-5 while commercia satellite imagery costs over $40 per square
mile.

5.7 Foreign Agricultural Service's Global Crop Condition Assessment Program

USDA’s Foreign Agricultural Service (FAS) has used satellite imagery to monitor global
crop conditions for almost two decades and has been the largest production user of
Landsat imagery. However, the areas where Landsat has been acquired has been far from
global dueto funding constraints. Even without funding constraints, Landsat 7 was not
designed to acquire the data volume that FAS requires. No operationa land remote
sensing satellites exist or are planned that would meet the FAS requirements.  In order to
be operational, FAS must use NOAA satellites that where not designed for agricultura
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monitoring and NASA research missions.
6.0 Related Activities and Studies

6.1 Geospatial One-Stop

The FGDC isleading the “ Geospatia One-Stop” project to help build common
framework standards. Framework datasets will be easily accessble viathe Nationd
Spatid Data Infrastructure Clearinghouse network, which will provide “one-stop” access
to FGDC-compliant data. The framework benefits al spatia data customers (including
Federd, state, local, and other governments, as well as private citizens) by providing a
common, consstent source of geospatid data. Thisinitiative is one of the 23 E-
government initiatives selected by the President’ s Management Council. 1t will
sgnificantly enhance the implementation of e-government by enabling geospatid datato
be more accessible and usable.

6.2 Congressiona Research Service Report on Remote Sensing Use

Future decisions on how to best coordinate and advance the imagery. activities of Federa
agenciesisinformed by avariety of studies, such as the Congressiona Research

Service' s (CRS) survey of remote sensing data and technology use by 20 Federal non
military agencies’ Congress commissioned the Report in order to better understand
Federal use of remote sensing and issues that arise in obtaining and gpplying the
technology and data.

The CRS report states that the most frequent remote sensing data gpplication was for
environmental and conservation purposes, with ten agencies reporting extensive or
moderate use. Seven agencies reported extensive to moderate use of remote sensing for
early warning, mitigetion, monitoring, and Studying the impact from naturd disagters.
Other uses include basic:and applied research, mapping activities, monitoring and
verifying compliance with laws and tregties, agricultura activities, and trangportation and
shipping.

Participating agencies cited many concerns, which can be categorized as avalahility,
access, and effective use of remote sensing data and technology. Ten agencies reported
avallability concerns, referring to the problems and difficulties agencies experienced in
getting the data needed to carry out specific tasks and missions. Twelve agencies
reported access concerns, referring to the general problems associated in using data.
Nine of these agencies cited cost and licensing concerns with commercid dataand vaue-
added products and andlysis. Nine agencies reported concerns over their capacity to use
effectively and fully exploit remote sensing data and technology, mostly due to a shortage
of trained personne within the agencies to andyze and interpret data.

" Assessment of Remote Sensi ng Data Use by Civilian Federal Agencies, Senate Governmental Affairs
Subcommittee on International Security, Proliferation, and Federal Services and the Congressional
Research Service, December 2001.
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7.0 Near Term Trends

Over the next few years the concentration on homeland security and rapidly changing
technology should fud increased interest in remote sensing. Even so, the availahility of
trained personnd to use the data, the costs and complexities of using the data, and the
issues of licensing are chalenges to be overcome if the benefits of the technology are to
be fully recognized. To some extent, computer technologies and software are making
remote sensing data more useable a broader array of users.

The urgency of modernizing homeland security should also foster greater cooperation
across the civil agencies as well as between the civil and defense communities. Idedly,
al agencies with responghilities for certain aspects of homeland security will come
together to form amore coordinated approach to remote sensing technologies and
policies. Interms of sources, multi-spectral sensor sources will increase dramaticaly, as
will the availability of hyper-gpectra and eventudly ultra- spectral sensors.

8.0 Recommendations

This report has illustrated that there are pressing societd issuesthat are being addressed
by Federa agencies using imagery remote senang technologies. However, the full
benefit of this technology is not being redlized because federa remote sensing activities
are often under-funded and hindered by insufficient interagency coordination and
leadership. In some cases modest budget increases and/or administrative changes could
extend agency capabilities to efficiently service missons needs within other agencies. In
other cases, the faster, better, cheaper, operationa capabilities that remote sensing can
provide are not being achieved becauise basic remote sensing research is not being
trangitioned to operations to address the real world problems facing the civil community.
To address these issues, the FGDC Civil Imagery and Remote Sensing Task Force
recommends:

1. That the Adminigtration commission the National Academy of Public
Adminigration (NAPA) to perform the proposed study: “Creating a Robust
Nationd Civil Imagery Capability” (Appendix B). The study is designed to
promote more efficient government wide collaboration in acquiring, using and
distributing civil imageny® and in sharing remote sensing capabilities. NAPA
findings are needed by late Fall 2002 to be useful to the Task Force and the
Adminigration in completing anationa drategy, accessing policy options, and
formulating a 2005 budget initiative during the soring of 2003.

2. That the FGDC extend the operation of the Federd Civil Imagery and Remote
Sensing Task Force under a Charter revised to reflect itsrole in addressing
drategic and policy reated matters critica to the use of civil imagery in federd
programs.

8 Civil imagery refersto both commercial and public sector sources.

FGDC Commercial Imagery and Remote Sensing Task Force Draft for Agency Review e Page 19



Appendix A — August 2001 FGDC Survey

In August 2001, the FDGC conducted arapid survey of 15 Federa civil agencies and
offices to determine their business gpplications and supporting information requirements.
Agenciesidentified criticad high-level business functions and which of the saven Nationd
Spatid Data Infrastructure (NSDI) framework data layers supported the function. The
seven framework data layers are as follows:

Geodetic Control - Orthoimagery
Elevation - Transgportation
Hydrography - Governmentd Units
Cadastra

Coallectively, the Federd agenciesidentified 82 business functions. The following figures
characterize the Federa agencies use of the NSDI data layers for their functions.

NSDI Data Layers NSDI Data Layers
Percent of Business Applications Using Percent of Business Applications Using

the NSDI Framework Data Layer Multiple NSDI Data Layers
Geodetic Contral.................. 51% 50r morelayers........cccoe..e.. 38%
Orthoimagery..........ccccveennee % 3ordlayers....coooienieeennnnn. 40%
Elevation.........ccccceeviveennnen. 62% 2 or fewer layers........oco..... 22%
Transportation...........cc.cuee... 67%

Hydrography..........c.cccceeueeee. 65% Using one or more layers potentially
Governmental Units............. 50% derived from Imagery or Remotely
Cadastral .........cccvvevriiieennnns 33% Sensed Data...........ccvveenneee. 90%
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The business functions represented the following categories of activity:

Long Term Monitoring
A. Requirement for Daily/hourly observations:
1. Weather
2. Fire
3. Hazards
4. Treffic
B. Requirement for Weekly/bi-weekly observations:
1. Agriculturd Monitoring
C. Reguirement for Seasond Observations.
1. Globd Climate Change
D. Requirement for one or two observations per year at pecific times.
1. Program Compliance Activities
2. Environmental/Resource inventories

Disaster Response Activities
A. Hourly/Dally/Weekly Monitoring
1. Damage Assessment
Public Safety
Property Impacts
Infrastructure Impacts
Environment Impacts
Hedth Impacts
Food Security Impacts
2. Disaster Response

Long Term State/Nationa/Globa Mapping:
A. Requirement for cloud free imagery, will wait until imagery is available to
start project.
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Imagery needs supporting the business functions were further characterized according to
the geographic extent, frequency of activity, spatid resolution, and timdiness of fulfilling
the datarequest. Severd of the trends that emerged are: an emphasis on regional and
nationa gpplications, higher resolution imagery, either short or long-term requirements,
and adiversity of timeframes for repest coverage.

Characteristics of Business Needs for |magery

Percent of Business Needs

Ared Extent
[0 Tor= SR 15%
Regional ........cccoeveveeieceeece e, 24%
National.........coooveeeiiiiiiiececee e 55%
(€1 Lo] o 7= 6%
Frequency of Activity
AAHOC ..o 19%
Daily/WeeKIy ......ccooveverieieeeceeie e, 12%
Monthly/Seasonally .........cccccoevveiieinnnne 10%
ANNUAL......ooeiieee e 22%
Multi-annual..........cooeeeeeieeeeiee e, 36%
Spatial Resolution
Lessthan 2 MEters.....coooeeveceeeeeeceveeeene 58%
2-10 MELErS.....cccivveeeeeee e, 31%
10-30 MELES..ccoci i, 8%
More than 30 MEErS ......ccceeeeeeeecveeecereeens 3%
TimdinessResponse
Days .o 26%
Week-Month.........ccocveeieiee e, 25%
MONENS .. 9%
Morethan 6 months ..........cceceeeeeevveeeenns 41%

(Totals greater than 100% due to rounding.)
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Appendix B — Draft NAPA Proposal: Creating a Robust National Civil Imagery
Capability (Verson. 1.0)

To assess civil agency imagery needs, the Federal Geographic Data Committee (FGDC)
conducted a survey to determine key Federd business gpplications for remotely sensed
datain August of 2001. The survey identified 82 specific applications ranging from
agriculture assessments and trangportation safety to water quaity monitoring, disaster
response, and environmental and natural resource assessment and monitoring. The
requirements included a broad range of airborne and satellite sources across the
€lectromagnetic spectrum, but was weighted heavily within the domestic high-resolution
arena. Since that time, the FGDC has undertaken an extensive effort to document the
vaue of imagery in addressing key societd interests related to our economy,
infragtructure and public safety.

Despite the proven utility and critical need for imagery in Federd programs, many civil
agencies lack funding that is explicitly appropriated for purchasing imagery and remote
sensing products and services. More importantly, even where funding exists to address
wedl-defined requirements, it israrely sufficient to alow agencies to exploit commercid
cgpabilities. This problem is widespread and may represent the most Sngle most
sgnificant obstacle to implementing a viable relationship with commercia remote
sensing companies. [n addition, civil agencies have not established a unified approach to
identify common airborne and satdllite imagery requirements, or cost effectively procure,
manage and digtribute imagery to efficiently address their misson needs. Findly, no lead
agency or multi-agency program office has a clear legidative mandate to plan,
administer, and seek the needed funds for satisfying operationd requirements and
developing a shared infrastructure

To address these problems, the Civil Imagery Task Force of the Federa Geographic Data
Committee (FGDC) has requested help from the National Academy of Public
Adminigration (NAPA) to study and recommend leadership, legidative, and budgetary
gpproaches to alow Federa civil agenciesto collaborate more effectively in the
acquigtion, use and distribution of imagery and remote sensing products. The proposed
study builds on NAPA'’s prior work analyzing how federad civilian agencies can improve
thelr access to surveying, mapping, globa positioning systems, and other geographic
information services. NAPA proposes to andyze the following questions:

1. What are the fundamental operationa imagery requirements over the next 5-years
and the gpproximate costs of satisfying these requirements?

2. Wha dternatives or options are available that might serve as models for agencies
to jointly accomplish the following imagery activities:

a) Define and validate common requirements for imagery products and services

b) Acquire, procure, and/or license imagery products
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¢) Manage and disseminate imagery products

d) Share the capacity to andyze and use imagery products

€) Archive, preserve, and provide for future retrieva of imagery products.
3) What management gpproaches, budgetary options, and possible policy and legidative
changes that could provide the funding and ingtitutional structures needed to carry out
robugt civil agency collaboration and expanded imagery use?

4) What are the most viable opportunities to partner with the DoD, State and local
agencies and other NGO’ s for achieving these gods?

The FGDC asks that the Academy complete thiswork by December 2002. NAPA
estimates that total funding of $250,000 to 300,000 would be needed for this study.
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Appendix C — Studiesrelated to the Federal Civil Use of Remote Sensing.

ASPRS Survey

Nationa Academy of Public Adminigtration (NAPA) Study

National Spatiad Data Infrastructure (NSDI) Finance Study

Nationa Aeronautics and Space Adminigtration (NASA) Aviation Study
Federal Geographic Data Committee (FGDC) Geospatia One-Stop Study
Nationa Research Council (NRC) Reports

Congressiona Research Service (CRS) Report
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